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Bulleted Statements:

What’s already known about this topic?

Recently, loss-of-function mutations in the genes encoding y-secretase were
identified as a cause of familial hidradenitis suppurativa (HS) in the Chinese
and British populations. However, y-secretase gene mutations have yet to be
identified in other racial populations including Japanese. Furthermore, it
remains unclear whether de novo mutations within the same genes causing
familial HS underlie non-familial HS or not.

What does this study add?

We conducted mutation analysis of the y-secretase genes in Japanese
patients with familial HS. A novel splice site mutation, ¢.582+1delG, in
NCSTN that encodes a key component of y-secretase was identified and
confirmed to be a disease-causing mutation using the real-time RT-PCR
analysis. We also revealed for the first time that a y-secretase gene mutation

1s not linked to the development of non-familial HS.



Summary

Background: Hidradenitis suppurativa (HS) is a chronic follicular
occlusive disease with characteristic recurrent draining sinuses, skin
abscesses and disfiguring scars, mainly involving the scalp, neck, axilla,
groin and perianal and perineal regions. While most‘HS cases are
non-familial, familial cases showing autosomal-dominant inheritance have
been reported. Recently, loss-of-function mutations in the genes encoding
y-secretase were identified as a cause of familial HS in the Chinese and

British populations.

Objectives: To identify mutations in the genes encoding y-secretase in

Japanese patients with familial and non-familial HS.

Methods: Two affected and three unaffected individuals from a Japanese
family with familial HS and nine patients with non-familial HS were
recruited. We conducted mutation analysis of the y-secretase genes in

Japanese patients with familial and non-familial HS.

Results: A novel splice site mutation in Nicastrin, one of the six key
component genes encoding y-secretase, was identified in the patients with
familial HS. Neither unaffected individuals in the family nor 50 unrelated

healthy controls carry this mutation. None of the nine patients with



non-familial HS carry nonsense, frameshift and/or splice site mutations.

Conclusions: A novel splice site mutation, ¢.582+1delG, in Nicastrin was
identified in the familial HS patients. We also revealed for the first time that
a y-secretase gene mutation is not linked to the development of non-familial
HS. These results would further pave the way to a better understanding of the
contribution of y-secretase and other genes to the pathogenesis of HS and to

the development of a new therapeutic strategy for HS. (249 words)



Introduction

Hidradenitis suppurativa (HS; also known as Acne inversa; OMIM
#142690) is a chronic follicular occlusive disease characterized by recurrent
draining sinuses, inflamed nodules and abscesses with subsequent scarring
and chronic seepage, mainly involving the intertriginous skin of the scalp,
neck, axilla, groin and inframammary, perianal and perineal regions." HS
shows female preponderance and usually develops after puberty.l’2 It has a
profound impact not only on the quality of life of the patient, but also the
prognosis, since it is associated with an increased risk of cutaneous
squamous cell carcinoma (SCC).?> While most HS cases are non-familial,
familial cases showing autosomal-dominant inheritance have been

reported.>*”

Recently, loss-of-function mutations in Presenilin-1 (PSENI), Presenilin
Enhancer-2 (PSENEN) and Nicastrin (NCSTN), the genes encoding key
components of the y-secretase protein, were identified as a cause of familial
HS in the Chinese population.” y-secretase, an aspartyl protease that cleaves
type 1 transmembrane proteins, consists of four essential protein subunits:
one catalytic presenilin subunit, encoded by PSENI and Presenilin-2
(PSEN2), and three co-factor subunits (presenilin enhancer 2, nicastrin and

anterior pharynx defective 1), encoded by PSENEN, NCSTN, and Anterior



pharynx defective 14 (APHIA) and Anterior pharynx defective 1B (APHIB),
respectively.” Although its overall function remains unclear, the enzyme is
known to be required for regulating intramembranous proteolysis of Notch

and amyloid precursor protein (APP).>"

Notably, genetic reduction of y-secretase has been shown to cause SCC and
follicular hyperkeratosis via aberrant Notch signaling pathways in mouse
models.'"" In the development of HS, follicular hyperkeratosis is
considered to be the initial event, resulting in follicular occlusion, secondary
apocrine involvement and follicular rupture with resultant inflammation and
infection. Therefore, loss-of-function mutations in y-secretase genes,
causing reduced y-secretase activity and decreased Notch signaling, are
considered to cause HS. Particularly, missense mutations in PSENI and
PSEN2 have been shown to underlie familial Alzheimer’s disease."”
Although mutations in PSENEN and NCSTN were subsequently reported in
the Chinese and British populations, mutations in the genes encoding

y-secretase have yet to be identified in other racial populations.®®

Here we conducted a mutation analysis of all six genes encoding y-secretase
(y-secretase genes) in five individuals, including two affected ones, from a
Japanese family with familial HS. Furthermore, we carried out direct DNA

sequencing of y-secretase genes in nine unrelated Japanese patients with



non-familial HS, since it remains unclear whether de novo mutations within
the same genes causing familial HS underlie non-familial HS. To our
knowledge, this is the first report of y-secretase genes analysis in

non-familial HS.

Materials and methods

Clinical materials

Blood samples were obtained from two affected and three unaffected
members of a Japanese family with familial HS, and from nine Japanese
patients with non-familial HS (seven males and two females with a mean age
of 38.2 years (range: 1570 years)). The diagnosis of HS was clinically
determined by experienced dermatologists. As mentioned above, a history of
five or more painful or discharging nodules, cysts or abscesses in areas
frequently affected by HS was required for that diagnosis.” For general
controls, DNA samples from 50 unrelated ethnically matched individuals
were included in the current study. Participants or their legal guardians gave
written informed consent in compliance with the Declaration of Helsinki

Principles. The study was approved by the Medical Ethics Committee of the



Hokkaido University, Sapporo, Japan.

Genotyping of the y-secretase genes

We sequenced all exons and exon-intron boundaries of all six y-secretase
component genes (PSENEN, PSENI, PSEN2, NCSTN, APHI1A4 and APHIB)
in the Japanese HS patients with or without a family history. Briefly,
genomic DNA isolated from peripheral blood was subjected to PCR
amplification, followed by direct automated sequencing using ABI PRISM
3130 genetic analyzers (Applied Biosystems, Foster City, CA). The
exon-flanking intronic primers used in this study are described in Table 2. 50
control DNA samples (100 alleles) were screened for the mutations
c.582+1delG in NCSTN and p.Thr421Met in PSEN?2 using direct DNA

sequencing.

mRNA expression analysis by real-time RT-PCR

A blood sample from the proband of the family with familial HS was
available for RT-PCR analysis. Total RNA was extracted from peripheral

lymphocytes using Ficoll-paque PLUS (GE Healthcare, Buckinghamshire,



UK) and then subjected to reverse transcription (RT) with the RNeasy Mini
Kit (Qiagen, Hilden, Germany). The cDNA served as a template in
quantitative real-time RT-PCR utilizing TagMan Fast Universal PCR Master
Mix (Applied Biosystems) and TagMan Gene Expression inventoried assay
probe (Assay ID; Hs00950933 ml: Applied Biosystems). The assays were
performed on an ABI PRISM 7000 Sequence Detection System (Applied
Biosystems). NCSTN mRNA expression was normalized to that of GAPDH,
and then the relative expression level was determined. The NCSTN mRNA

expression of the proband was compared with that of the control.



Results

A novel mutation in NCSTN underlies familial HS in the Japanese

population

We recruited five individuals from a large Japanese pedigree with familial
HS (Figure 1a). All were of Japanese origin. The diagnosis of HS was made
based on a history of five or more painful or discharging nodules, cysts or
abscesses in areas frequently affected by HS, including the axillae, chest,
groins, buttocks and/or thighs.” Two of the five individuals recruited, the
proband (IV-1) and her uncle (III-14), met these criteria (Figure 1a). The
proband showed obesity (body mass index (BMI) of 31.2), whereas her
uncle’s BMI was within normal range. The proband revealed widespread,
marked scarring and fistulae, especially on the posterior neck and perineal
region (Figures 1b and c). The uncle demonstrated a milder HS phenotype
(Figure 1d). The proband’s father (III-10) died of SCC on the upper-back

that arose in a severely affected HS region.

After DNA was extracted from peripheral blood cells, all exons and
exon-intron boundaries of the genes encoding all the six y-secretase

components, PSENI, PSEN2, PSENEN, NCSTN, APHIA and APHIB, were



amplified by polymerase chain reaction (PCR) and sequenced in five -
individuals from the family, which led to the identification of a heterozygous
single-nucleotide deletion in the NCSTN exon 5/intron 5 donor splice site
(c.582+1delQ) in the two affected individuals (Figure 2a). Notably, the
unaffected individuals in the family were all wild-type for the mutation. The
mutation was also absent in 100 ethnically matched control alleles. In this

family, no one showed any symptoms of Alzheimer’s disease or dementia.

Real-time reverse transcription-PCR revealed a remarkable reduction
in NCSTN mRNA expression in the proband compared with a normal

control

To determine whether the splice site mutation in NCSTN identified in the
proband causes the reduced y-secretase activity, we extracted mRNA from
her peripheral lymphocytes and measured the relative NCSTN mRNA level
using quantitative real-time reverse transcription-PCR (RT-PCR). It revealed
a marked reduction in NCSTN mRNA expression in the proband carrying the

NCSTN splice site mutation compared with a healthy control (Figure 2b),



which suggests that the mutant mRNA was subjected to nonsense-mediated
mRNA decay. The real-time RT-PCR experiments were repeated twice,

giving almost the same measurement values in each experiment.

Clinical and genetic features of non-familial HS patients

The clinical details of the nine J apanese patients with non-familial HS
analyzed in this study are summarized in Table 1. These patients showed
typical HS phenotypes, including subcutaneous abscesses, sinuses and scars
that mainly affected the scalp, posterior neck, buttocks and/or axillae. Some
were refractory to oral antibiotics because of the large draining sinuses and,
therefore, had been treated by lesional skin resection and split-thickness skin
grafting. Despite the severe symptoms, none of the patients had developed
cutaneous SCC on the affected areas. None showed any symptoms or family
history of HS or Alzheimer’s disease. Mutation analysis of y-secretase genes
was also performed using their DNA samples. Remarkably, no one carried
a nonsense, frameshift or splice site mutation in any of the six genes
encoding y-secretase, although patient 4 in Table 1 was heterozygous for the

missense mutation, p.Thr421Met in PSEN2 (Figure 3a).



Discussion

Nicastrin encoded by NCSTN is a critical subunit of y-secretase complex.'*
y-secretase plays an important role in intramembranous cleavage of Notch
and APP.>'? In the skin, Notch is expressed in developing or differentiating
epidermis and hair follicles, regulating the cell fate.” Notably, disruption of
a Notch signaling pathway causes epidermal and follicular hyperkeratosis
and epidermal cyst formation.'>"* Therefore, decreased Notch signaling due
to loss-of-function mutation in the y-secretase genes is hypothesized to play
a key role in the pathogenesis of HS via aberrant trichilemmal keratinization.
This hypothesis is further supported by the fact that HS does not affect the
palmoplantar regions, where no hair follicles exist. To date, 11
lovss~0f—function mutations in NCSTN, PSENI and PSENEN have been
reported in familial HS in the Chinese and British populations, but no
loss-of-function mutations have been reported in PSEN2, APHIA and
APHIB (Figure 4).>°® On the other hand, aberrant cleavage of APP is
presuméd to lead an overproduction of B-amyloid peptides that give rise to

the characteristic brain plaques of Alzheimer’s disease.'

In this study, we identified a novel splice site mutation, ¢.582+1delG, in

NCSTN, which was confirmed to be a disease-causing mutation by real-time



